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Establishment of glycosylation-modified cell line 
overexpressing mutated intracellular lectin VIP36 

Akira Sato (06523) 

Laboratory of Molecular Medicine 

Among organelles in an eukaryotic cell, endoplasmic reticulum (ER) and 
Golgi apparatus forms the secretory pathway, where postradiational 
modifications of secreted or membrane proteins are processed. Glycosylation of 
such proteins is one of major roles of the pathway. Recent researches revealed 
that lectins, a name given for the group of proteins that recognise carbohydrates, 
have important roles in sorting and quality control of glycoprotexns m the 
secretory pathway. Vesicular integral-membrane protein of 36 kDa, or VIP36 is 
one of these lectins thought to recognise immature glycoproteins m trans-Golgi, 
and bring them back to the early stages of modification processes. It is, hence 
expected VIP36 prevents "wrong" glycoproteins from being transported to the cell 
surface. Amino acid sequence of VIP36 have homology with ERGI053, another 
intracellular lectin, and BPA, a leguminous lectin. It is conceivable that 

introducing mutations at random into 
carbohydrate-recognition domain (CRD) of 
VIP36 might result in modified glycosylation 
presented on the plasma membrane. This 
idea may, in future, lead to engineering of 
novel sugar moieties of glycoproteins, which 
physiologically function. Here, by randomly 
mutating CRD, I attempted to establish cell 
lines that display modified oligosaccharides 
on the plasma membrane of MDCK cells, a 
well-known cells for the study of intracellular 
transport. 
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In order to introduce random mutation in CRD of VIP36 random 
mutations, libraries were first constructed, followed by transfection of the library 
into MDCK cells, carbohydrate-based separation of transfectants, and analysis of 
cell surface glycosylation using flow cytometry. 

A chimera DNA of BPA and VIP36 was used, a long with VIP36 cDNA, to 
construct random libraries. This was because CRDs of both BPA and VIP36 
were conserved. Random mutations were introduced in each CRD by 
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polymerase chain reaction (PCR). The randomised DNA fragment was 
introduced in an expression vector for library construction. Constructed library 
was then transfected into MDCK cells by lipofection. Overexpression was 
observed by fluorescence microscopy using anti-flag antibody, which binds to a 
flag tag attached to mutated VIP36. Transfected cells were separated by 
magnetic cell sorting method. They were stained by several biotinylated lectins, 
followed by binding of microbeads-conjugated streptavidin. Lectin-stained cells 
were, therefore, trapped in the magnetic field by the microbeads, separated from 
those cells not recognised by lectins. Positively and negatively separated 
fractions of transfectants were then proceeded to analysis by flow cytometry. 
With biotinylated lectins for primary staining and FITOlabelled streptavidins as 
secondary antibodies, the degrees of lectin-binding to each group of separated 
transfectants were measured by fluorescence intensity. Compared with wild 
type MDCK cells, transfectants showing apparently unique binding specificity 
were chosen to be enriched by further magnetic sorting. After enrichment was 
performed three times, transfectants were proceeded to limiting dilution to pick 
up several clones. 

Wiidtype 

For mutated VIP36, random library of the 
size of 5 X 10 5 was constructed. In the flow 
cytometric analysis, most of transfectants 
showed no significant difference from wild type. 
Transfectants separated by PHA-E4 lectin, 
however, were stained strongly enough for 
further analyses, compared with wild type cells 
treated in a same manner. This might indicate 
that the secretory pathway of the transfectants 
was modified by mutated VIP36, leading to a 
change in cell surface glycosylation. 

Further studies must be required in 
western blot analysis and cloning of the 

transfectants mentioned above. Sequence 

analysis of mutated VIP36 within the 

transfectants must be carried out to identify 

which amino acids wer e res ponsible for the 
change. 
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Establishment of cell line expressing various sugar chain structures by 
alteration of ERGIC-53 

Laboratory of Molecular Medicine 06526 Junko SHIMAUCHI 

Background • Purpose 

When proteins synthesized in the cytoplasmic reticulum within a 
eukaryotic cell are subjected to oligosaccharide processing in the Golgi, the 
proteins are transported between cell organelles by transport vesicles. At 
this time, a receptor (called a cargo receptor) existing in the transport 
vesicle recognizes the' sugar chains (carbohydrate moieties) of 
glycoproteins and sorts proteins to be transported outside the cell. One of 
such receptors, ERGIC-53, is a membrane protein existing in the transport 
vesicle traversing between the endoplasmic reticulum and the Golgi and 
having a molecular weight of 53 kDa. While most of the molecule exists 
inside the lumen, 12 residues on the C-terminal side exist in the cytoplasm 
via the transmembrane region. ERGIC-53 functions as a transporter for 
carrying out transport and sorting of proteins within animal cells. Since 
the amino acid sequence of ERGIC-53 shows high homology with those of a 
series of leguminous lectins, its lectin activity is attracting attention. It 
has also been reported that it binds to mannose in a Ca 2+ -dependent manner. 
However, its detailed carbohydrate recognition specificity has not yet been 
analyzed. 

In our laboratory, we have prepared for the first time artificial 
lectins having various carbohydrate specificities by modifying carbohydrate 
recognition domains of leguminous lectins. In a relatively small limited 
part of a leguminous lectin, a carbohydrate recognition domain is present 
with a structure such that it is sandwiched by 2 loops. It is known that one 
of these two loop structures greatly affects the carbohydrate recognition, 
specificity. As described above, ERGIC-53 is a carbohydrate-recognizing 
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molecule having homology with leguminous lectins. Thus in this study, 
we have focused on the homology and constructed a mutated ERGIC-53 
library by randomly mutating genes encoding loops corresponding to 
carbohydrate recognition domains using techniques analogous to those 
employed in past studies on modification of carbohydrate recognition 
specificity using leguminous lectin BPA. It is expected that when the 
library is transfected into MDCK cells and then mutated ERGIC-53 is 
expressed, as a result of random mutagenesis of the carbohydrate 
recognition domains, carbohydrate recognition specificity of mutated 
ERGIC-53 is modified and various cells expressing glycoproteins having 
various glycoforms differing from those of wild type on the cell surfaces 
are obtained. Our final target is to establish a cell line expressing such 
various glycoforms. 

Method 

Seven out of nine amino acids (DTFDNDGKK) corresponding to the 
carbohydrate recognition domain of ERGIC-53 were randomly mutated 
(DXXXNXXXX, where X is any amino acid) and then inserted into an 
expression vector, pRC-CMV2-CD8-FLAG (prepared by ligating a CD8 
signal sequence and a FLAG tag (immediately following the signal 
sequence) to pRC/CMV2), thereby constructing a mutated ERGIC library. 
The carbohydrate recognition domain was randomly mutated by PCR using 
random primers. The mutated ERGIC library was transfected into MDCK 
cells. Since pRC-CMV2-CD8-FLAG has a neomycin resistance gene, 
selection using G418 sulfate can be carried out. Thus, after introduction 
of the mutated ERGIC library, MDCK cells were selected using 1.5 mg/ml 
G418 sulfate. For the cells obtained after selection, expression was 
confirmed by the Western Blotting (where an anti-FLAG antibody was used 
as a primary antibody and an alkaline phosphatase-labeled anti-mouse IgG 
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antibody was used as a secondary antibody). Furthermore, the percentage 
of all the MDCK cells following introduction of the mutated ERGIC library, 
where constant expression of the mutated ERGIC library was observed was 
confirmed by observation using a fluorescence microscope using the 
indirect fluorescent antibody method (anti-FLAG antibody and 
FITC-labeled anti-mouse IgG were used). 

The MDCK cells following introduction of the mutated ERGIC 
library were sorted based on carbohydrate recognition specificity of lectins 
using a magnetic cell sorting and separation system (MACS). The cells 
were stained with 16 types of biotinylated lectins, magnetically labeled 
using Streptavidin microbeads, and then sorted by applying the cells to a 
separation column for MACS, so that flow-through fractions (hereinafter 
referred to as (-)) and fractions retained in the column (hereinafter referred 
to as (+)) were obtained. These fractions obtained following sorting were 
stained with various lectins, and then analyzed by a fluorescence activated 
cell sorter (FACS). Cell fractions separated using PNA lectins were 
further sorted by MACS and then analyzed by lectin staining using FACS 
and the Western Blotting. 

Result and Discussion 

We were able to construct an mutated ERGIC library with a size of 
2xl0 5 . However, when the above random mutagenesis is carried out, an 
entirety of 20 7 , that is, 1.28xl0 9 , types of amino acid sequences can be 
obtained. In this regard, the library size constructed herein can be said to 
be too small. However, we believe that in addition to aiming at 
establishing a cell line expressing various glycoforms, the search for a 
strategy for establishing such a cell line and the establishment of the cell 
line are also significant. Thus, we continued our study with this 
small-sized library. 
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After transfection of the mutated ERGIC library into MDCK cells 
and selection using G418 sulfate, expression was confirmed by the Western 
Blotting and then expression of the mutated ERGIC library could be 
confirmed. However, when the cells were observed by a fluorescence 
microscope using the indirect fluorescent antibody method, the percentage 
of the cells actually expressing randomly mutated ERGIC-53 stably was as 
small as 3.1% of all the cells. In this study, another purpose is to prepare a 
pool of cells stably expressing the mutated ERGIC library obtained by 
randomly mutating carbohydrate recognition domains, so as to obtain a cell 
line expressing glycoproteins having various carbohydrate moieties not 
seen in the wild type MDCK cells from the pool of the cells. Hence, there 
is a need to increase stable expression efficiency of a gene. 

Successful sorting by MACS and obtainment of PNA(+) cells 
presenting on the cell surfaces carbohydrate moieties that are specifically 
recognized by PNA (lectin derived from peanuts) were achieved by analysis 
made by lectin staining using FACS (right figure). PNA is a lectin 
specifically bound to a oligosaccharide having a structure wherein 
Galpl-*3GalNAc is at an unreduced end, that is, a Ser/Thr linked 
oligosaccharide. Accordingly, it is considered that as a result of 
introduction of the mutated ERGIC library, cells presenting many Ser/Thr 
linked oligosaccharides on cell surfaces were collected in PNA(+). It is 
very interesting that the wild type ERGIC-53 is a molecule recognizing 
mannose in a Ca 2+ -dependent manner and its recognition specificity is 
greatly different from recognition specificity suggested in PNA(+). 

The PNA2(+) cell fraction obtained by further sorting by MACS of 
PNA(+) was analyzed by lectin staining using FACS. PNA2(+) showed 
binding to the PNA lectin more strongly than in the case of PNA(+). In the 
meantime, as a result _of lectin staining using the Western Blotting, almost 
no differences were observed between the fluorescence intensity of 
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PNA2(+) with the PNA lectin and that of PNA(+) with the same. This may 
be because intracellular glycoproteins were observed at the same time in 
this system. In the future, cloning of PNA2(+) and further analysis of 
single cell will be required. 

In this study, it can be said that various problems and possibilities 
emerged for establishing by alteration of ERGIC-53 a cell line expressing 
glycoproteins having various glycoforms differing from those of wild type. 
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Establishment of glycosylatioirmodified cell line 
overexpressing mutated intracellular lectin VIP36 

P Akira Sato (06523) 

Laboratory of Molecular Medicine 

Among organelles in an eukaryotic cell, endopolasmic reticulum (ER) and 
Golgi apparatus forms the secretory pathway where posttranslaUona 
modifications of secreted or membrane proteins are processed. Glycosylate of 
such proteins is one of major roles of the pathway Recent researches revealed 
that lectins, a name given for the group of proteins that recognise carbohydrates, 
have important roles in sorting and quality control of fy C ^ 0t "' h ' 
secretory pathway. Vesicular integral-membrane protean of 36 kDa, or VIP36 is 
one of these lectins thought to recognise immature glycoproteins in trans-Golgi, 
and bring them back to the early stages of modification processes. It is, hence 
expected VIP36 prevents "wrong" glycoproteins from being transported to the cell 
surface. Amino acid sequence of VIP36 have homology with ERGIC-53 another 
intracellular lectin, and BPA, a leguminous lectin. It is conceivable that 

introducing mutations at random into 
carbohydrate-recognition domain (CRD) of 
VIP36 might result in modified glycosylation 
presented on the plasma membrane. This 
idea may, in future, lead to engineering of 
novel sugar moieties of glycoproteins, which 
physiologically function. Here, by randomly 
mutating CRD, I attempted to establish cell 
lines that display modified oligosaccharides 
on the plasma membrane of MDCK cells, a 
well-known cells for the study of intracellular 
transport. 
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In order to introduce random mutation in CRD of VIP36 random 
mutations, libraries were first constructed, followed by transfection of the library 
into MDCK cells, carbohydrate-based separation of transfectants, and analysis of 
cell surface glycosylation using flow cytometry. 

A chimera DNA of BPA and VIP36 was used, along with VIP36 j;DNA, to 
construct random libTaries.^fhis was because CRD s of both" BPA and VIP36 
were conserved. Random mutations were introduced in each CRD by 
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polymerase chain reaction (PCR). The randomised DNA fragment was 
introduced in an expression vector for library construction. Constructed library 
was then transfected into MDCK cells by lipofection. Overexpression was 
observed by fluorescence microscopy using anti-flag antibody, which binds to a 
flag tag attached to mutated VIP36. Transfected cells were separated by 
magnetic cell sorting method. They were stained by several biotinylated lectins, 
followed by binding of microbeads-conjugated streptavidin. Lectin- stained cells 
were, therefore, trapped in the magnetic field by the microbeads, separated from 
those cells not recognised by lectins. Positively and negatively separated 
fractions of transfectants were then proceeded to analysis by flow cytometry. 
With biotinylated lectins for primary staining and FITOlabelled streptavidins as 
secondary antibodies, the degrees of lectin-binding to each group of separated 
transfectants were measured by fluorescence intensity. Compared with wild 
type MDCK cells, transfectants showing apparently unique binding specificity 
were chosen to be enriched by further magnetic sorting. After enrichment was 
performed three times, transfectants were proceeded to limiting dilution to pick 
up several clones. 

Wild type 

For mutated VIP36, random library of the 
size of 5 X 10 5 was constructed. In the flow 
cytometric analysis, most of transfectants 
showed no significant difference from wild type. 
Transfectants separated by PHA~E 4 lectin, 
however, were stained strongly enough for 
further analyses, compared with wild type cells 
treated in a same manner. This might indicate 
that the secretory pathway of the transfectants 
was modified by mutated VIP36, leading to a 
change in cell surface glycosylation. 

Further studies must be required in 

western blot analysis and cloning of the 

transfectants mentioned above. Sequence 

analysis of mutated VIP36 within the 

transfectants must be carried out to identify 

which amino acids were responsible for the 
change. 




10 1 10 2 10 3 

Fluorescence intensity 



Mutated V1P36 




10 1 10 2 10 3 

Fluorescence Intensity 



Flow cytometry of MDCK cells 
separated by PHA-Ertectln^ 



-23- 



ergic-53 x z>m* <vmm&mmm<DM^ 

mm?'^ VX^If 06526 
iotiBaW^t^m CKW* ^/J«#Si-5lHr^- (cargo receptor iaP) 

o-efe-s ergic-53 w« *mm*fiztt*w&mzxtt*4^v^ 

KKfc 0 , ©W^SRiiS^J^ 5 b 9 X* i LT^IS LTV ^ 0 ERGIC-53 I* 

^cw^mw^ u **> 5 

:te#<fe&u - CV ^-fci!trtv 9 -cv^ $tete^fci:*5?L ERGIC-53 M^aW^fcttTOtt 

*4 ^ ^ BPA *fflv ^c^^^^^^E^®^^^ «»WIWWft*=*iai-5^-7 
*=- Hi-*3*e»9^AlCiSWbfc ERGIC-53 i**?^ V ««ttft. ::n*MDCK» 
Bich5^7*^ bU g^ERGI(>53«^J38^*<5^ ««IWIW«!t*-7^WXUfc 



ergic-53 *Mmmatw**xr*9T%sm cdtfdndgkk) ©5*>. 775^^ 

^X(DXXXNXXXX.X tte*©TS/»)U pRC-CMV2-CD8-FLAG 
(pRC/CMV2 CDS ^t^R FLAG *^*ofcV f^ALtc, ERGIC & 

n © ERGIC BJC^W * MDCK jWa^^^hLfc. P RC-CMV2-CD8-FLAG (4. **^T 
^ftH4*£*S^fc^ G418 sulfate ia«S»Wi5©^ 1.5mg/ml©G418 sulfated %T 
ERGIC 8fc«7^9y*ASW) MDCK «©^Hto*u »fcfc»WxfcMK3tU Western 
Blotting feK!J:a««»ftofc(l *tttt*LT anti FLAG fc*. 2 WttT Alkaline 
phosphatase ^ Anti-mouse IgGm^ffl^c). ERGIC J»SB*f?mK*D MDCK 

^^^^ 

£JHV ^£30BI^Cfc<5*^(anti FLAG gtffc FTTC TO anti Mouse IgG -Sr^ffl) KL«5S8L;fco 
ERGIC &9£747ym*®P> MDCK iMBB&Sr. w^f^i^^^^- mm&ms* 



— 26 — 




^(MACSJ&fflV^-CiBg'JLfc. 16 W&Dtt?>^mW^^M&&%&LtL&. Streptavidin 
Microbeads &m,^xmffltUtffl&k MACS JSS^7AtaNtraBUU 5&it> (OT(-)W) 

±*S^ffv\^5tefi^3N«&»BS& (FACS) K:,fca«*f*frofc. PNA u*^>T$»iUtaHB& 
HtftKIMLTMu $ blC MACS f£ J: SjgSiJ&frV \ FACS WesternBlotting fe^fflV ^ f" 
^SfefeK «fc ZffiffiZft^ fc, 



ERGIC ffigzy^f ~7°y ]) fix 2Xltf<^^X©fc<P&f&^#fc 0 Ld»U ±IB7)7^^X^ 
fT^ix ^frC20 7 x o*0 l.28Xltfii«5«75T5>'Bffia?iJS:S.«J#*e r^th*-^*:*)^ 4-0 

ttd^S£<t£@ttii-S©£li]8^ J; 5 Strategy *8H*U fi£& 

rc75 ERGIC 5fe^7-T7 ''^y^MDCK^fflSafxlh^V^^^hU G418 sulfate \~£Z>mR(D% s Western 

Blotting ma^z>$m$m*ff^tct^ ergic g^^r^yrose^sass^^ l**u ^'Mgsbfc 
m¥&&m< ^tci&y@mmz£%mg&ft<2fd£%:, ? xtt ergic-53 a^g^^^L 

T V ^ cx>fcx &m&<D 0 ib 3.1% t'Pttii^lz* #BF3&T?»i» HfiSffi«BFM£Sr7 X Lfc ERGIC 

^7^^7 y as^3^LfoN^<ax— A*fft*u rro^^s^© mdck s»$K:ttji,e>n 

^^^Sfclg;^ LTV ^«PNA(+)£ MACS f-=t «9iSS'J • © 
W??> ^.t^iii^tz^tiK FACS Sr/iv \fc u^^^^fefc J:5fl? 
^f^*MbJ5^j;ofc G6BD0 PNAfiGal/31^3GalNAc£#3t 
5E*^-^3flfi&&^ -Tfcfc>*> Ser/Thr ^SM^^LT^ 
^fdSfe^i-SU^^^T'fc^o ^(D^tfrtb, PNA(+)fdf*x 
ERGIC 3^7^77 D ^ALfc^ Ser/Thr *££gggi0g&*|fll& 

Mfxl#<^bTV^iNB)3^5[^$ixf c i%xLbn?)o »£Sitf> ERGIC-53 fi Ca 2+ ##lttf^ 
/-^^»t5^H-Tfc0x PNA(+)fcioV^^$nyc^^^<!rfi7^t <M^oTv^ri: 
f*P^V\ 

PNA(+)£r MACS -CilgilTS Cl <t K X K> mhtltdmm^ PNA2(+)£x FACS \fc U 
^^MfefetCiU^Lfcir^ PNA^-tflfc PNA U^^Md3i< *££-Uc 0 — ^ Western 
Blotting jfeSrfflV \fc U^^^aM^ PNA2(+) t FNA(+)<D PNA ^MJSfrrSSfe* 9 ^f- 
HH»a^A/^bH/fA^fco rc7)^T1i^^^SKtSbCfci^L/c/c*ct#^'b^ 0 ^ 
^fix PNA2( +)£:? P-yftU s^m ^ t izttt^ &zjbtf^ yjbb Oo _ 

'^mBwazzv. ergic-53 <o&&iz±z* m&bimtezm*<vmmtm : kft^tdgiwm 




-27- 



a) 

2. mm^<— v 5 22-23 ^—v 5 

3. % fr 0 14 # 2 ^ 18 0 

5. Ira^CMS Establishment of glycosylation-modified cell line overexpressing 
mutated intracellular lectin VIP36 

e. m m & m w 

7. m ft ffi . T683-0835 jfe&Jft^rfJSIPrr 3-96 =i— afcta— 
(2) 

1. TUfTfljOWJH ¥J*13^ft«E±»A3fe 

2. f£M§-<— v 5 26~27^<— 

3. m ft 0 ^14¥2^ 18 0 

4. 3§ fT # m^^^^:^P^0f^^fiJ^f4W%f4 

5. fttH g ERGIC-53 Bfc3£H:.fc5«>«r ^^fIt«^M^0^3i 

6. * # 

7. H, ft @f 7202-0005 M^^rfift^PT 2-4-22 



14 ^ 7 J! 31 0 




rsr if ii # . 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked* please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




FADED TEXT OR DRAWING 



LURRED OR ILLEGIBLE TEXT OR DRAWING 



